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(57) ABSTRACT 

An electric power saw/cutter includes a rotatable saw struc 
ture, a rear handle with a switch/speed control, a front handle 
and a drive unit for rotating the saw structure. The drive unit 
itself including a saw structure drive arrangement to which 
the saw structure is attachable, a transmission for driving the 
saw drive arrangement, an electric motor for driving an input 
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shaft of the transmission, and a Support structure for holding/ 
carrying the saw structure drive arrangement, the transmis 
sion and the electric motor. The front handle and the rear 
handle are directly connected to each other to form a handle 
unit, which unit is resiliently connected to the drive unit, so 
that vibrations from the saw blade and drive unit will be 
reduced in the handle unit. 

16 Claims, 22 Drawing Sheets 
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ELECTRIC CUTTING SYSTEM 

TECHNICAL FIELD 

The invention is related an electric machine system and in 
particular an electric cutting system at least comprising an 
electric power cutter which power cutter comprises a rotat 
able circular saw blade with a protective cover, a rear handle 
with a switch/speed control and a front handle, a drive unit 
for rotating the saw blade, the drive unit itself comprising a 
saw blade drive shaft to which the saw blade is attachable, 
a transmission for driving the saw blade drive shaft, an 
electric motor for driving an input shaft of the transmission 
and a Support structure for holding/carrying the saw blade 
drive shaft. 

BACKGROUND ART 

Electric power cutters normally have a front and a rear 
handle each firmly attached to a drive unit including an 
electric motor. This results in that a lot of vibrations from the 
rotating tool and possibly the motor reach the handles and 
the operator. In many countries daily operating times are 
reduced by regulations according to the measured vibration 
level in the handle. It is known to attach one or both handles 
somewhat flexible with rubber bushings. This does reduce 
vibration levels to a certain degree, but has a limited 
effectiveness. 

Electric tools, of which many are hand-held, must meet 
many requirements. They must be powerful and durable, yet 
remain easy to handle. A few of these tools are equipped 
with a high frequency brushless asynchronous or synchro 
nous motor which exhibits a speed-torque characteristic that 
differs from ordinary AC motors tools. The speed of an 
asynchronous or synchronous motor at light loads is pro 
portional to the frequency which also can be controlled to 
keep its speed relatively constant regardless of load condi 
tions. 

These motors are also known as brushless DC (BLDC) 
motors, and are generally reliable. Normally, they require a 
power Supply device or a power converter, converting the 
mains frequency to the motor frequency, which often is 
higher than the mains frequency. The power converter is also 
called frequency converter. 
The power Supply device provides a suitable Voltage and 

frequency to the tool, where the rotational speed of the 
motor is determined by the frequency of the supplied power. 
Such a power converter normally converts a mains input of 
for example 3x400 V AC, 50 Hz, to a three-phase supply of 
3x300 VAC, where the frequency is adjustable. 
The power supply device or power converter is normally 

divided into two parts—an input rectifier and an output 
inverter. If instead the BLDC motor would be run from a DC 
Source, e.g. a battery, no input rectifier would be needed. 
The input rectifier converts the incoming AC input volt 

age to a DC output Voltage, often called DC bus Voltage. 
The output inverter converts the DC bus voltage to 

three-phase voltages to the BLDC motor. 
It is desirable for a tool with a BLDC motor to be able to 

operate over a broad range of AC mains Voltages, e.g., from 
3x180 VAC, 50/60 Hz, for the Japanese market and nomi 
nally 3x400 VAC, 50 Hz, for the European market. To 
achieve this, a power Supply device according to the above 
is generally adopted to provide the same DC output voltage 
irrespective of the AC input. The common solution for this 
is to insert a converter assembly or voltage booster between 
the input rectifier and the output inverter. The power supply 
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2 
device will then consist of the following parts: Input recti 
fier, converter assembly or Voltage booster and output 
inverter. An example of this is described in, for example, 
WO 2006OO9847. 
The converter assembly or voltage booster converts 

(boosts) the incoming DC voltage to the output DC bus 
Voltage. Such that the output DC bus Voltage normally is 
higher than, or the same as, the DC input voltage. Often the 
output DC bus Voltage is a constant DC voltage, regardless 
of the input AC voltage. 

However, there is still a need for an enhanced power 
Supply device or power converter, that may provide Sufi 
cient output power with Smaller and less expensive compo 
nents than those disclosed in the prior art. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a power 
Supply device, that may provide Sufficient output power with 
Smaller and less expensive components than those disclosed 
in the prior art. 

This object is obtained by means of a power supply device 
according to claim 19. 

It is an object of the invention to provide an improved 
electric cutter system which reduces vibrations in the handle 
unit from the cutter assembly during use. It is another 
purpose of the invention to provide an electric cutter system 
which prevent scattering of dust when sawing in materials 
which have a tendency to generate dust. It is yet another 
purpose of the invention to provide an electric cutter system 
which has an efficient cooling system for cooling the electric 
motor. 

According to the invention there is provided an electric 
power saw/cutteras defined in claim 1. Hereby is achieved 
an electric power cutter where vibrations which unavoidably 
will be generated in the saw blade during sawing operation 
will be essentially reduced in the handle unit which is a 
significant advantage for the operator of the cutter. Not only 
will this reduce vibration-related health issues for users who 
for example run cutting machines frequently and during 
extended time periods, it will also lead to that an operator 
may comfortably use the machine for longer time periods 
without risk being subjected to undesired vibration levels. 

Further aspects of the cutting assembly, the cover device, 
the sealing body, and the working machine, are apparent 
from the accompanying patent claims and from the follow 
ing description of preferred embodiments of said devices. It 
shall be understood that terms like upwards and downwards, 
upper Surface, and bottom surface, respectively etc. refer to 
a cutting assembly with a cover device placed on a hori 
Zontal Support. Further, the terms front and rear end mean 
the front end which is turned in the direction in which one 
normally will work with the machine, and the rear end, 
respectively, which rear end is positioned in the same end as 
the terminal member. The terms have been chosen in order 
to facilitate the understanding of the description and does in 
no way exclude working ceilings, Vertical walls, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following detailed description of the invention, 
reference will be made to the accompanying drawings, in 
which: 

FIG. 1 shows a schematic overview of an electric cutter 
system according to one embodiment of the invention. 

FIG. 2 is a perspective view showing the power cutter 
according to one embodiment. 
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FIG. 3 is another perspective view showing the power 
cutter of FIG. 2. 

FIG. 4 is a perspective view showing the power cutter 
from the opposite side compared to FIG. 3. 

FIG. 5 is a perspective view of the power cutter shown 
without its saw blade. 

FIGS. 6A-B show a cooling fluid system according to one 
embodiment of the invention. 

FIGS. 7A-D show examples of distribution of cooling 
fluid through the cooling fluid system. 

FIGS. 8A-C show a control unit for cooling fluid accord 
ing to one embodiment of the invention. 

FIGS. 9A-B show detailed view of the control unit seen 
in FIGS. 8A-C. 

FIG. 10 show a cross section of a motor according to a 
preferred embodiment. 

FIGS. 11 A-C shows various electric cutter machines. 
FIG. 12 shows a schematic view of a power inlet, a power 

Supply device including an input rectifier, a converter assem 
bly, an output inverter and an electrically powered tool. 

FIG. 13 shows a simplified schematic of the input rectifier 
comprised in the power supply device of FIG. 12. 

FIG. 14 shows a simplified schematic of a type of a 
converter assembly comprised in the power Supply device of 
FIG. 12. 

FIG. 15 shows a simplified schematic of an alternative 
type of converter assembly comprised in the power Supply 
device of FIG. 12. 

FIG. 16 shows a schematic view of an alternative con 
figuration for the power Supply device and the electrically 
powered tool shown in FIG. 12. 

FIG. 17 shows a schematical illustration of power ports 
and Voltages in a three-phase system. 

FIG. 18 shows a schematic view of an alternative con 
figuration for the power supply device and the electrically 
powered tool shown in FIG. 12. 

FIG. 19 shows a flowchart for a method enabling 
enhanced control and communication of available power. 

FIG. 20 shows a cross section of the motor of FIG. 10 
having axially spaced apart evacuations channels to provide 
an inner flow during operation of the motor. 

FIG. 21 shows an embodiment of an inner tubular part of 
a motor housing according to one embodiment. 

FIG. 22 shows an embodiment of the motor having the 
bearings axially within the permanent magnets of the rotor. 

DETAILED DESCRIPTION 

FIG. 1 shows an electric tool in the form of an electric 
power cutter 1, an electric power supply device 100, and a 
fluid source 200 in the form a water tank. The electric power 
supply device 100 supplies power through a cable 17 to the 
electric power cutter 1. It may also send data and receive 
feedback data from the electric cutter 1 via the cable 17. The 
electric power supply device 100 connects to a power grid 
or a generator via a residual current device 50. The electric 
power supply device 100 is described in more detail in 
relation to FIGS. 12-19. Cooling liquid, preferably cooling 
water, is fed from the fluid source 200 to the electric power 
cutter 1 through hose 18. 
The fluid source 200 is preferably a water tank with a low 

pressure pump, i.e. having a feeding pressure below 3 bar, 
preferably below 2 bar, feeding cooling water to the motor 
11 (see e.g. FIGS. 2-5) of the electric power cutter 1 through 
hose 18. 
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4 
A return conduit C may be connected to the motor 11 (see 

e.g. FIGS. 2-5) of the electric power cutter for return of the 
cooling water to the fluid source 200 in order to recirculate 
cooling water. 

With reference now to FIGS. 2-5, the electric power cutter 
1 according to the invention is generally designated 1 (the 
electric tool is designated 106 when referred to in relation to 
FIG. 12-19) and is shown from various perspective views. 
Its main parts comprise a cutter assembly 300, a drive unit 
8 and a handle unit 4. 

According to one embodiment the cutter assembly 300 
includes a rotatable circular saw structure, such as a saw 
blade 2, and preferably a protective cover 3. 
The drive unit 8 is arranged to rotate the saw blade 2, and 

comprises a saw structure drive arrangement 9 (e.g. a saw 
blade drive shaft 9) to which the saw blade 2 is attachable, 
transmission 10 for driving the saw blade drive shaft 9, and 
a transmission drive source in the form of an electric motor 
11 (the motor is designated 136 when referred to in relation 
to FIG. 12-19) for driving an input shaft of the transmission 
10. The drive unit 8 further includes a support structure 13 
for holding/carrying the saw blade drive shaft 9, the trans 
mission 10 and the electric motor 11. 
The transmission 10 may for instance be a gear train 

transmission, a chain transmission, or a belt transmission. 
However the preferred transmission is a belt transmission. 
The belt transmission, including transmission belt 10A, 
provides some slip if blade jams, i.e. overload prevention 
and it is also quieter compared to other transmission solu 
tions. The (input shaft 12)/(drive shaft 9) gear ratio is 
preferably within the range of 1:1 to 3:1, typically around 
2:1. 
The handle unit 4 includes a front handle 7 for carrying 

the saw and a rear handle 5 for operating the saw. In one 
embodiment the handle unit 4 comprises a cavity which 
houses the support structure 13 of the drive unit 8 in such a 
way that the motor 11 is essentially enclosed by the handle 
unit 4. This is seen e.g. in FIGS. 2-3 where the motor 11 is 
substantially covered by and therefore hidden behind the 
support structure 13. 
The rear handle 5 is provided with a speed control trigger 

6 for the drive unit 8 and a trigger lock 15. The trigger lock 
15 has to be pressed down to permit the speed control trigger 
6 to move, thereby preventing an inadvertent activation of 
the motor 11. In a preferred embodiment the trigger lock 15 
also functions as a cooling water Supply control in that the 
trigger lock 15, in addition to activating the speed control 
trigger 6, also activates a fluid control unit 20 upon being 
pressed down by an operator, meaning that an operator will 
activate both of said speed control trigger 6 and the fluid 
control unit 20 (see FIG. 6B) in the same grip around the rear 
handle 5. Thereby cooling water is enabled only when the 
electric motor 11 is running. The fluid control unit 20 is 
further explained in FIG. 6B. 
The electric power cutter 1 is connected to a fluid supply 

for cooling the electric motor 11 and/or supplying fluid to the 
cutter assembly 300. In a preferred embodiment the fluid is 
water. Supplying water to the cutter assembly 300 provides 
cooling of the saw blade 2, and also contributes to prevent 
scattering of dust generated during working operation: water 
which is Successively sprayed onto the saw blade 2, during 
use of the power cutter, binds the dust and thereby prevents 
it from being spread to ambient air. 

Cooling water is fed to the electric power cutter 1 via hose 
18 which is connected to a fluid source 200 (see FIG. 1) e.g. 
to a water Supply network or to a water tank. 



US 9,656,336 B2 
5 

The cooling fluid system is generally designated 500, and 
will now be further described with reference mainly to 
FIGS. 6-8 showing an overview of a cooling water system 
500 in accordance with an embodiment of the invention. 

FIG. 6A is an overview of a cooling fluid system 500 
arranged to be coupled to an electric power cutter 1 accord 
ing to the invention, and to Supply cooling fluid (e.g. water) 
to the motor 11 for cooling and to the cutter assembly 300 
for cooling/preventing scattering of dust. The cooling fluid 
system 500 comprises supply hose 18 which leads the 
cooling fluid (hereinafter also referred to as cooling water 
and/or cooling liquid) to a motor inlet 14 for cooling liquid. 
Further the water cooling system 500 comprises a fluid 
control unit 20, a transfer conduit A, a tool conduit B and a 
return conduit C. 
As already mentioned, water is Supplied to the electric 

cutter 1 by coupling the supply hose 18 to a fluid source 200 
e.g. a water tank or to a water Supply network. Water is run 
through the hose 18 via said motor inlet 14 into the motor 11 
for cooling. After having passed through the motor 11 the 
cooling water exits through a motor outlet 16 and is trans 
ferred via transfer conduit A to the fluid control unit 20 
which regulates further distribution of the water. By means 
of manipulating the fluid control unit 20 water may be 
guided into tool conduit B for exit through at least one saw 
blade nozzle 21 or into return conduit C for return of water 
e.g. to said fluid source 200 or for discarding. The total 
amount of fluid passing through the system 500, however, 
will always first pass through the motor 11 before being 
transferred to the tool conduit B or to the return conduit C. 
In one embodiment it is also possible to completely seal 
off close the fluid control unit 20 so that no water will pass, 
neither to the tool conduit B nor to the return conduit C, as 
will later be described in more detail. 

FIG. 6B illustrates the function of said trigger lock 15 
arranged to activate Supply of cooling liquid through the 
motor 11. The trigger lock 15 is the distal end of a lever arm 
30 pivotably secured at its proximal end 19 to the handle unit 
4, and protruding from the rear handle 5 as seen e.g. in FIG. 
2 and being located opposite to the sped control trigger 6 so 
that an operator with one hand can push the trigger lock 15 
and operate the speed control trigger 6. The lever arm 30 is 
spring biased so that when released it returns to a position 
locking the speed control trigger 6 and deactivating the fluid 
control unit 20. When pressing the trigger lock 15 towards 
the rear handle 5, the lever 30 moves downwards in a 
pivoting movement. The downward movement of the lever 
arm 30 leads to that it will engage a closure member 22 of 
an inlet valve 23 of the fluid control unit 20 in such a way 
that pushing down the closure member 22 opens the inlet 
valve 23 and permits water to flow from the transfer conduit 
A into the fluid control unit 20. Obviously, when water runs 
through the fluid control unit 20; water flows through the 
motor 11. 

Distribution routes of cooling liquid via the fluid control 
unit 20 are described in the schematic illustrations of FIGS. 
7A-D showing different ways of guiding the incoming water 
from the transfer conduit A. FIGS. 7A-B show one example 
of arranging a control unit 20 according to the invention and 
FIGS. 7C-D show another example. 

Each of FIG. 7A-D displays transfer conduit A, tool 
conduit B and return conduit C, as well as valves 23, 24, 25 
arranged in the fluid control unit 20 by means of which water 
distribution can be manipulated. Said valves includes a first 
23 valve (also referred to as inlet valve 23), a second valve 
24 (also referred to as tool conduit valve 24) and a third 
valve 25 (also referred to as return conduit valve 25). 
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6 
FIGS. 7A-B show one example of arranging the valves 

23, 24, 25 of the fluid control unit 20. According to this 
embodiment the fluid supply to the blade 2 is independent of 
the fluid return to return conduit C, i.e. regulation of the flow 
to the blade not affected by opening/closing the return valve 
25. FIG. 7A illustrates a configuration wherein all the fluid 
passing the system is guided to the tool conduit B by means 
of open first 23 and second 24 valves and closed third valve 
25. In FIG. 7B there is illustrated a configuration where all 
the fluid passing the system is guided to the return conduit 
C by means of open first 23 and third 25 valves and closed 
second valve 24. 
The valve arrangement shown in FIGS. 7A-B means that 

fluid may be supplied both to the tool conduit B and to the 
return conduit C at the same time, i.e. by opening both of the 
respective second 24 and third 25 valves. 

FIG. 7C illustrates a situation where the inlet valve 23 is 
open and the fluid control unit 20 set to allow water supply 
only to the tool conduit B by opening the tool conduit valve 
24 and closing the return conduit valve 25. The return 
conduit valve 25 could however be provided with a through 
channel 250, as shown in FIG. 7A, arranged to allow for 
passage of a predetermined Volume of water and by blocking 
the through channel 250 the return conduit valve 25 is 
closed. In one embodiment such volume corresponds to a 
flow rate between 0.3-0.7 Lit/min, preferably 0.4–0.6 Lit/ 
min. As an example, if said flow rate equals 0.5 Lit/min and 
water is Supplied from a tank comprising 15 Lit, the time to 
circulate the entire amount of the water from said tank 
through the cooling fluid system 500 once would equal 30 
minutes. 

In the shown embodiment the tool conduit valve 24 can be 
gradually opened/closed meaning that the amount of water 
which is supplied to the blade 2 can be adjusted by opening/ 
closing the tool conduit valve 24 to various degrees. Regu 
lation of water to the blade 2 also affects the volume of 
cooling water passing through the motor 11: maximum 
opening of the second valve 24 leads to maximum cooling 
of the motor and vice versa. The valves 23, 24, 25 of the fluid 
control unit 20 can preferably be opened/closed indepen 
dently of each other, meaning that for instance in FIG. 7C 
the tool conduit valve 24 can be closed (as shown in dashed 
lines) to completely stop water from passing through the 
fluid control unit 20 regardless of whether the inlet valve 23 
is open or closed. Closing of both second 24 and third 25 
valves leads to working operation with dry cutting blade 2 
and no cooling of the motor 11 (i.e. stopped flow of cooling 
liquid) since liquid is prevented from passing through the 
fluid control unit 20. 

FIG. 7D illustrates a situation where both the first inlet 
valve 23 and the third return conduit valve 25 are open, 
meaning the fluid control unit 20 is set to allow water supply 
only to the return conduit C and not to the blade. In one 
embodiment the return conduit valve 25 is an on/off valve 
meaning it can either be set at a fully open or a closed mode. 
As shown in FIGS. 7A-B opening of the third valve 25 
simultaneously leads to sealing of the passage to the tool 
conduit B, meaning that flow of water to the return conduit 
C also leads to that the water supply to the tool conduit B is 
shut off. Opening of the third valve 25, as in FIG. 7D, thus 
leads to working operation with a dry cutting blade 2 and 
cooling of the motor 11 by means of liquid running through 
the motor 11 via the transfer conduit A and further passing 
the first 23 and third 25 valves into the return conduit C. 
Thus by opening the return conduit valve 25 an operator may 
shut off water supply to the blade and still keep cooling fluid 
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running through the motor 11 in just one movement (i.e. 
switch open the return conduit valve 25). 
By optionally having a channel 250a, as shown by the 

dotted box X, a minimum flow through the fluid control unit 
20 can be guaranteed as longs as the inlet valve 23 is open. 
The fluid control unit 20 according to one embodiment of 

the invention is shown in more detail in FIGS. 8A-C, where 
FIG. 8A is a perspective view of the fluid control unit 20 and 
FIGS. 8B and 8C show various cross sections intended to 
illustrate the fluid control unit 20. The valves of the fluid 
control unit 20 shown in FIGS. 8A-C are arranged as 
schematically illustrated in FIGS. 7A-B. The position of the 
fluid control unit 20 in the cooling fluid system 500 is seen 
in FIG. 6A, and FIG. 6B shows the position of the fluid 
control unit body 27 in relation to the lever arm 30. 
The fluid control unit 20 comprises body 27 housing a first 

inlet valve 23, a second tool conduit valve 24 and a third 
return conduit valve 25. Preferably both the inlet valve 23 
and the return conduit valve 25 are on/off valves and are 
based on the same type of valve mechanism (the return 
conduit valve 25 is described e.g. in FIG. 9A-B) and 
preferably the tool conduit valve 24 is a gradually adjustable 
restriction valve. Fluid is supplied to the fluid control unit 20 
through the transfer conduit A which is connected to an inlet 
port 40 leading to the inlet valve 23. Fluid can exit the fluid 
control unit 20 through the tool conduit valve 24 leading to 
a tool conduit port 41 which is connected to the tool conduit 
B, and/or through the return conduit valve 25 leading to a 
return conduit port 42 which is connected to the return 
conduit C. Fluid flowing through tool conduit B will finally 
exit through the saw blade nozzles 21 onto the blade 2 
cooling the blade 2 as well as reducing dust in the air by 
wetting it. Fluid flowing through return conduit C could be 
discarded or be returned to the fluid source 200 for recy 
cling. For instance the fluid source 200 could be a bucket 
from which water is pumped to flow through the system. 
The inlet valve 23 includes an inlet valve closure member 

22 which can move between an open and closed position. A 
spring 35 urges the inlet valve closure member 22 to a closed 
position. In the closed position one end of the inlet valve 
closure member 22 protrudes from the body 27 and by 
pushing the protruding end of the inlet valve closure mem 
ber 22 in a direction towards the body 27 the inlet valve 
closure member 22 can be moved to a position opening the 
inlet valve 23. Upon releasing the pressure of the protruding 
end, the inlet valve closure member 22 is urged by the spring 
35 in the opposite direction closing the inlet valve 23. 

Activation of the cooling water Supply is accomplished by 
pressing down the trigger lock 15 so that the lever arm 30 
presses the protruding end of the inlet valve closure member 
22 thereby opening the first inlet valve 23 of the fluid control 
unit 20. Once the first valve 23 is open water is guided via 
inner channels (not shown) through the body 27 until it 
reaches an inner chamber 270 inside the body 27. The inner 
chamber 270 is arranged with two exits/outlets whereof one 
leads to the tool conduit valve 24 and the other to the return 
conduit valve 25, for exiting fluid through the tool conduit 
port 41 and/or return conduit port 42. 

If the return conduit valve 25 is set to open mode water 
may exit the inner chamber 270 and pass the return conduit 
valve 25 into the return conduit C. In the shown embodiment 
the return conduit valve 25 is of the same type as the inlet 
valve 22, having a return conduit valve closure member 28 
which can move between an open and closed position. A 
spring 253 urges the return conduit valve closure member 28 
to a closed position. The return conduit valve closure 
member 28 is controlled by a switch 29 (see e.g. FIG. 6B) 
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8 
that can be turned between two positions, a first position 
pressing a protruding end of the return conduit valve closure 
member 28 towards the body 27 thereby moving the return 
conduit valve closure member 28 to a closed position, and 
a second position releasing pressure on the protruding end 
allowing the spring 253 to move the return conduit valve 
closure member 28 to a closed position. The mechanism of 
opening/closing of the return conduit valve 25 is further 
clarified in FIGS. 9A-B. 

Opening/closing of the tool conduit valve 24 is achieved 
by manipulating a water control knob 26 to increase or 
decrease the passage area through the valve 24 thereby being 
able to gradually adjust the amount of water running through 
the valve passage and into the tool conduit B via the tool 
conduit port 41 to finally exit through the saw blade nozzles 
21 onto the blade 2. The knob 26 comprises an elongated 
portion 260 provided with outer threads, which elongated 
portion 260 is intended to be inserted into a matching 
opening 261 (see also FIG. 6B) in the body 27 of the fluid 
control unit 20, said opening 261 comprising inner threads 
matching the outer threads of said elongated portion 260. In 
FIG. 8C there is seen the knob 26 positioned with its 
elongated portion inside said opening 261. The cone-shaped 
outermost end 262 of the elongated portion 260 is arranged 
at the outlet of said inner chamber 270 leading to the tool 
conduit port 41. The cone-shaped portion of the outermost 
end 262 is arranged inside the outlet creating a restriction 
passage which can be adjusted to allow for passage of more 
or less fluid by displacing the elongated portion 260, which 
is achieved by manipulating the knob 26. 
When turning the knob 26 the outer threads of the 

elongated portion 260 will interact with the inner threads of 
the opening 261 So that the elongated portion is displaced in 
the opening 261. To close the tool conduit valve 24 the knob 
26 is turned to Such a position that said outermost cone 
shaped end 262 tightly seals the outlet of the inner chamber 
270, thereby blocking any water from passing into the tool 
conduit B. In a corresponding way the tool conduit valve 24 
is opened by means of turning the knob 26 to displace the 
elongated portion 260 to open the outlet thereby allowing 
fluid to exit the inner chamber 270 and enter the tool conduit 
B via the tool conduit port 41. The amount of water which 
may exit the chamber 270 can be adjusted by controlling the 
position of the cone-shaped end portion 262 in relation to the 
outlet: the closer the cone-shaped end portion 262 is brought 
to a sealed position the less fluid will be able to pass and vice 
WSa. 

If the tool conduit valve 24 as well as the return conduit 
valve 25 are in closed mode water is prevented from passing 
the fluid control unit 20 and no cooling liquid will flow 
through the motor 11. 

FIGS. 9A-B show detailed views of a fluid control unit 20 
in cross section, illustrating the function of a return conduit 
valve 25 according to the embodiment of FIGS. 8A-C. FIG. 
9A shows the return conduit valve 25 in closed mode and 
FIG.9B shows the return conduit valve 25 in an open mode. 
The skilled person understands that the solution described in 
FIGS. 9A-B represents one of many possibilities of acquir 
ing the desired valve function. 
The return conduit valve 25 comprises a spring biased 

closure member 28 arranged with a sealing member 251, 
such as a sealing ring 251. When the valve 25 is in a closed 
mode (FIG. 9A) the spring 253 acts on the closure member 
28 so that the sealing member 251 sealingly abuts an inner 
flange 252 preventing passage of fluid. Activating the return 
valve (e.g. by means of said switch 29) is achieved by 
pushing the closure member 28 inwards as indicated with 



US 9,656,336 B2 
9 

arrow 31 seen in FIG.9B, overcoming the pressure from the 
spring 253. The closure member 28 is kept in the activated 
position for instance by means of letting said Switch 29 (e.g. 
shown in FIG. 6B) block the closure member 28 so that it 
remains in the corresponding activated position. In an acti 
vated position the sealing member 251 has been displaced 
upwards so that a gap is created between the closure member 
28 and the inner flange 252 allowing for passage of fluid into 
the return conduit C via the return conduit port 42. The flow 
through the open return conduit valve 25 is indicated with 
arrows 32 in FIG. 9B. 
The electric power cutter 1 further comprises an anti 

vibration handle system 400. The handle unit 4 is resiliently 
connected to the drive unit 8 via said anti-vibration handle 
system 400 so that vibrations from the saw blade 2 and drive 
unit Swill be reduced in the handle unit 4. Essentially all 
vibrations will come from the saw blade 2 since the power 
source is an electric motor 11. Said anti-vibration handle 
system 400 includes a number of vibration damping ele 
ments, preferably at least three vibration damping elements 
401, 402, 403, 404 arranged in between the handle unit 4 and 
the support structure 13 of the drive unit 8. An uppermost 
first vibration element 401 is connected to the front handle 
7 vertically above the motor 11. Longitudinally the first 
vibration element 401 is located in between a forward most 
vibration element/s 403, 404 and a rearward most vibration 
element 402. Both the forward most vibration element/s 403, 
404 and the rearward most vibration element 402 are located 
vertically below the motor 11, forming a triangle seen from 
a side perspective. The rearward most vibration element 402 
is connected to the rear handle 5 behind the motor 11 
whereas the forward most vibration element/s 403, 404 are 
connected in front of the motor 11 but rearward the saw 
blade 2. The forward most vibration element/s 403, 404 are 
two vibration elements connecting from a first lateral side of 
the support structure 13, respective second lateral side of the 
Support structure 13 to a same position on the handle unit 4 
laterally in-between. In a preferred embodiment said vibra 
tion damping elements are in the form of resilient coil 
springs, however also other types of damping elements are 
conceivable such as rubber elements. 

FIG. 10 shows a high frequency permanent magnet motor 
11 according to an embodiment of the invention. The motor 
11 is suitably for powering electric cutter 1: However, it 
could also be used in other applications where an electric HF 
motor is desirable. 
The motor 11 is a synchronous motor and includes a 

motor housing 52a, 52b, ball bearings 63a, 63b that supports 
an inner rotor 51, and an outer stator 54 that surrounds the 
inner rotor 51 and being Supported by the motor housing 
52a, 52b. The stator 54 includes an iron core with three 
phase windings 68 that generate a rotating magnetic field 
when powered. Abox 65 for electrical connections is located 
at one axial end of the motor 11. 
The inner rotor 51 includes a rotor body 64, and a plurality 

of permanent magnets 56 arranged at the outermost radius of 
the rotor body. By having the magnets 56 at the outermost 
radius of the rotor body 64 the torque of the motor is higher 
than if they were placed closer to the rotational axis, i.e. the 
further away from the rotational axis the higher the torque of 
the motor 11 gets. Furthermore increasing numbers of mag 
nets 56 around the rotor body 64 also increases the torque. 
Preferably the number of permanent magnets 56 around the 
rotor body 64 is within the range of 4-20, more preferably 
6-16, most preferably 8-12. This enables a sufficiently high 
torque at a comparably low motor speed so that a gear ratio 
can be around 2:1 can be employed, thereby enabling the use 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
of a belt transmission. The permanent magnets 56 are 
arranged in pairs, positioned opposite to each other at the 
outermost radius of the rotor body 64. The shown embodi 
ment has 5 pole pairs. To get a speed of 100 revolutions per 
second you would need to feed 500 Hz (100x5). 
The permanents magnets 56 may be glued to the rotor 

body 64 and additionally secured by ribbons (not shown), 
e.g. glass fiber ribbons or carbon fiber ribbons, wound 
around the rotor body 64 and the magnets 56. The magnets 
56 can of course be secured to the rotor body 64 by other 
means, e.g. a plastic or metal tube pressing the magnets 56 
to the rotor body 64. The magnets 56 may also be sintered 
to the rotor body 64. 
The motor 11 is fed by an electric a power supply device 

100. In another embodiment the power supply device 100 is 
an electric second motor of the same configuration as the 
motor 11. The difference is that it is run as a generator. The 
generator may be driven by a combustion engine, Solar 
power, wind turbine, water turbine, batteries, fuel cells, 
nuclear energy, etc. By having the generator being of the 
same configuration as the motor 11, there is no need to 
transform the phases, since they are perfectly matched. 
The rotor body 64 has a central cavity 57 which is 

accessible from the exterior via a plug 62 at one axial end of 
the rotor 51, defining an upper end of the cavity, and 
extending along the rotational axis of the rotor to the 
opposite axial end where a bottom end of the cavity is 
formed. The opposite axial end of the rotor body 64 further 
includes a bore 66 to which the input shaft of the transmis 
sion can be secured. The cavity 57 has a circular cross 
section that is symmetric around the rotor axis, but the 
diameter of the cavity 57 may vary along the length of the 
cavity 57. A number of first evacuation channel/s 58a 
extends in a radial direction through the rotor body 64 from 
the bottom part of the cavity 57 towards the periphery of 
rotor body 64. The first evacuation channels 58a are pref 
erably two and extending in opposite directions to maintain 
rotational symmetry. However, only one first evacuation 
channel 58a may be conceivable by balancing the rotor 51 
by other means than retinal symmetry. More than two first 
evacuations channels 58a are also feasible. The central 
cavity 57 and the first evacuation channels 58a defining an 
inner volume 57, 58a of the motor 11. 
An outer volume 59, 60, 61 of the motor 11 is defined by 

all voids outside the rotor 51 that are fluidly connected to the 
rotor cavity. In particular, a gap 59 between the rotor 51 and 
the stator 54, and optionally the spaces 60, 61 around the 
axial ends of the stator 54. The spaces 60, 61 around the 
axial ends of the stator 54 are preferably fluidly connected 
to the gap 59 and the inner cavity 57. It is however possibly 
that the spaces 60, 61 around the axial ends of the stator 54 
are closed and not fluidly connected the gap 59 and inner 
cavity 57. In such embodiment it is possible to supply one 
oil, e.g. transformer oil, to the spaces 60, 61 around the axial 
ends of the stator 54, and different oil, e.g. lubricating oil, to 
the rotor cavity 57 and the outer volume connected thereto. 
Although it is preferred to supply oil to the interior of the 
motor it may be possible to replace the oil with other liquids. 
The cavity 57 being is connected to the outer volume 

59-61 by at least one first evacuation channel 58a which runs 
in a radial direction through the rotor body 64, preferably at 
least one pair of first evacuation channels 58a that are 
arranged rotational symmetric. At an upper end of the cavity 
57, i.e. the end where the plug 62 is situated, there is 
provided at least one passage 67 connecting the upper end of 
inner cavity 47 to the outer volume 59, 60, 61. The passage 
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67 is preferably a recess or groove in the motor housing 57 
in the region of the bearing 63a. 

Preferably the interior of the motor 11 is filled with the oil 
by opening the plug 62 and pouring oil to the inner cavity 57. 
When pouring oil into the inner cavity, the oil will flow out 
to the outer volume 59-61 through the first evacuations 
channel/s 58a. Air in the outer volume 59-61 will gradually 
evacuate through the passage 67 and out via the plug 
opening as oil is filled. 

For optimal cooling of the motor 11 the volume of the oil, 
supplied (the oil volume defined at an temperature of 23°C.) 
to the interior of the motor 11 corresponds to at least 50% of 
the outer volume 59-61, more preferably at least 80%, most 
preferably at least 100%. Preferably the oil volume fills 
20-80% of the entire volume 57-61, i.e. the inner volume 57, 
58a and the outer volume 59-61. 
When the motor is run and the rotor 51 rotates, oil present 

in the cavity 57 will be urged by centrifugal forces through 
the channels 58a towards the outer volume 59-61, thereby at 
least partially filling the outer volume 59-61 with oil, 
preferably entirely filling the outer volume 59-61 with oil. 

However, the entire volume 57-61 should not be fully 
filled with oil. On the contrary it is desirable to have an air 
pocket to reduce the pressure build up from oil expansion as 
it is heated. The purpose of the inner cavity 57 is to provide 
such an air pocket. At an oil temperature of 23° C., it is 
preferred that the air volume present in the entire volume, 
i.e. inner and outer volumes, corresponds to at least 25% of 
the inner cavity 57, preferably at least 50%, most preferably 
at least 80%. Furthermore, the inner cavity's 57 share of the 
entire volume 57-61 is preferably within the range of 
10-90% of the entire volume 57-61, preferably within 
25-60%. The entire volume 57-61 is preferably within the 
range of 50-300 ccm. Preferably the cavity 57 having a 
volume of 25-150 ccm. 
The motor housing 52a, 52b includes two tubular parts, an 

inner tubular part 52a and an outer tubular part 52b, both 
having one axial end closed and the opposite open. The 
diameter of the inner tubular part 52a is somewhat smaller 
than that of the outer tubular part 52b so that the inner 
tubular part 52a can be inserted into the outer tubular part 
52b, respective open end facing each other, to provide a 
cylindrical shaped motor housing 52a, 52b. The inner tubu 
lar part 52a has a groove running around its outer curved 
surface 43 forming a cooling path 55 within the side wall 45 
of the motor housing 52a, 52b that is parallel to the rotor 
axis. The side wall 45 in the present application refers to the 
curved wall between the axial ends. The cooling path 55 has 
a shape of a circular helix and includes an inlet (14 in FIG. 
6A) at one axial end of the motor housing 52a, 52b and an 
outlet (16 in FIG. 6A) at the opposite axial end. The inlet and 
the outlet provided in the outer tubular part 52b of the motor 
housing. Thereby the side wall 45 of the motor 11 can be 
actively cooled by a liquid flow. 

To increase cooling performance the motor housing 52a. 
52b is preferably made in a material being a good thermal 
conductor, for instance aluminum. 

FIG. 20 shows a high frequency permanent magnet motor 
11 according to another embodiment of the invention. The 
motor 11 is identical to that shown in FIG. 10 apart from that 
the cavity 57 includes a number of second evacuation 
channel/s 58b axially spaced apart from the first evacuation 
channel/s 58a and connecting to the outer volume 59-61 at 
the opposite axial end of the cavity 57. 

The first evacuation channel/s 58a are configured to 
provide a stronger pump effect when the rotor is rotated than 
that of the second evacuation channel/s 58b in order to create 
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a pump effect when rotating the rotor, thereby providing a 
flow inside the motor with one flow direction within the 
cavity 57 and the opposite flow direction in the gap 59. 

In the shown embodiment the stronger pump effect is 
provide by connecting the first evacuation channel/s 58a to 
the outer volume 59-61 at a radial distance further away 
from the rotational axis than the radial distance that the 
second evacuation channel/s 58b connects to the outer 
volume 59-61. Other means of achieving a difference in 
pump effect can of course be implemented. Furthermore the 
second evacuation channel/s 58b may alternatively be con 
figured to provide a stronger pump effect when the rotor is 
rotated than that of the first evacuation channel/s 58a. 

FIG. 21 shows an embodiment of the inner tubular part of 
the motor housing of FIG. 10. In FIG. 21 the reference 
number 1052a is used for the inner tubular part whereas 52a 
is used in FIG. 10. The inner tubular part 1052a mates with 
the outer tubular part 52b in the same manner as described 
in relation to FIG. 10 providing a cylindrical motor housing 
1052a, 52b. 
A cooling path 1055 is formed by an outer groove on the 

outer curved surface 1043 of the inner tubular part 1052a. 
The cooling path 1055 runs back and forth in the axial 
direction forming a meander pattern between the two tubular 
parts 1052a, 52b, i.e. within the side wall 45 of the motor 
housing 1052a, 52b. 
The cooling path 1055 includes a plurality of first cooling 

sections 1055a running in a direction parallel to the rotor 
axis and being essentially equidistantly distributed at a 
predetermined radius from the rotor axis, and a plurality of 
second and third cooling sections 1055b, 1055c. The second 
cooling sections 1055b connecting two adjacent first cooling 
sections at one axial end thereof, and the third cooling 
sections 1055c connecting two adjacent first cooling sec 
tions at the opposite axial end, in Such manner that the 
second and the third cooling sections 1055b, 1055c never 
connect the same pair of first cooling sections. Thereby the 
meander pattern is formed. 
The inner tubular part 1052a further includes a at least one 

inner groove 1069 (here exemplified by ten inner grooves) 
spatially arranged between two adjacent first cooling sec 
tions 1055a and running in a direction parallel to the rotor 
axis. The at least one inner groove is preferably a plurality 
of inner groves; more preferably the number of inner 
grooves are within the range of 5-20. The inner grooves 
1069 are distributed around the inner curved surface 1044 of 
the inner tubular part, which also is the inner curved of the 
motor housing 1052a: 52b, in such way that two first cooling 
sections 1055a are located between two adjacent inner 
grooves 1069. This makes it inner and outer grooves can be 
incorporated without requiring too large wall thickness of 
the inner tubular part 1052a 

Preferably the inner groove/s 1069 extends between the 
axial ends of stator 54 and is fluidly in contact with the outer 
volume 59-61. 

In FIG. 22 is shown an embodiment of the motor. For 
similar parts the same numbers have been used as of FIG. 10 
but in the 2000-series. Thus the motor is designated 2011 
and includes a motor housing 2052a, 2052b. An outer stator 
2054 in the motor housing surrounds an inner rotor 2051 
having permanent magnets 2056 arranged at its outer radius. 
The rotor 2051 is supported by bearings 2063a, 2063b at 
each axial end of the rotor 2051. The bearings 2063a, 2063b 
are located within the axial outermost permanent magnets 
2056 of the rotor 2051. Thereby the axial extension of the 
motor 2011 can be minimised. 



US 9,656,336 B2 
13 

The axial length is preferably reduced by having the 
bearings and the rotor are arranged so that at least 50% of 
their axial length extends within the axial outermost perma 
nent magnets 2056 of the rotor 2051, more preferably at 
least 80%, most preferably at least 90%. 

FIG. 11a shows an electric power saw/cutter 1 where the 
rotatable saw structure 2 is a ring saw blade 71 and the saw 
structure drive arrangement 9 is a ring saw aggregate 72a. 
72b. 

FIG. 11b shows an electric power saw/cutter 1 where the 
rotatable saw structure 2 is two circular saw blades 81, 82 at 
an axial distance from each other and the saw structure drive 
arrangement 9 is a common saw blade drive shaft 83 driving 
both saw blades 81, 82. 

FIG. 11c shows an electric power saw/cutter 1 where the 
rotatable saw structure 2 is a saw chain 91 and the saw 
structure drive arrangement 9 is a saw chain sword 92 and 
a chain drive wheel 93 making the saw chain rotate around 
the Sword 92. 

With reference to FIG. 12 and FIG. 13, an electrically 
powered tool 106 and a power supply device 100 are shown 
schematically. The tool is for example an electric cutter oran 
electric drill motor. The tool 106 comprises a synchronous 
motor 136 which is fed with power from a power supply 
device. The power supply device 100 comprises a power 
input 102 and a tool interface 103, where the power input 
102 is arranged to be connected to a power source inlet 104, 
Such as an AC mains inlet. In this example, the power input 
102 comprises three alternating current power ports 110. 
111, 112. The tool interface 103, comprising a power output 
105, is arranged to be connected to an electrically powered 
tool 106. The power output 105 is arranged to provide an 
alternating voltage V, with a certain controllable fre 
quency f. to the electrically powered tool 106. Further 
between power input 102 and power output 105 the power 
supply device of FIG. 12 comprises three main parts: an 
input rectifier 107, a converter assembly 133; 133' and an 
output inverter 135. It is to be understood that in other 
variants one, two or all of these parts could be included in 
the power tool 106 instead. It is also to be noted that all 
connections shown in FIG. 12 are of a schematic nature, and 
may comprise two or more separate electric conductors 
each, as is evident from the context. 
The tool interface 103 also comprises a communication 

interface 138, arranged for communicating with the tool 
106. For this purpose, the tool 106 comprises a tool com 
munication interface 139. In order to control all communi 
cation between the power supply device 100 and the tool 
106, the power supply device 100 comprises a control unit 
134 and the tool 106 comprises a tool control unit 140. 

For example, if a user presses a speed button on the tool 
106, the tool sends a request for increased output frequency 
to the control unit 134 in the power supply device 100 via 
the communication interface 138. The control unit 134 then 
controls a frequency increase of the controllable frequency 
f. Other communication may for example comprise iden 
tification of the tool 106 presently connected to the power 
supply device 100. 

According to the present invention, the power input 102 
comprises a neutral port 113 which is connected to a Voltage 
that in normal conditions is the average of the Voltages of 
said alternating current power ports. In this example, the 
neutral port 113 is connected to a junction J between the 
alternating current power ports 110, 111, 112, where the 
current equals Zero at an even load. 

Using the neutral connection is advantageous since it 
enables an enhanced performance if power is lost at one or 
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more of the alternating current power ports 110, 111, 112 
compared to with the case where a neutral connection is not 
used. As an example, the use of the neutral connection 
results in resulting remaining a power of 75% instead of 
50% if power is lost at one of the alternating current power 
ports 110, 111, 112, and a resulting remaining a power of 
40% instead of 0% if power is lost at two of the alternating 
current power ports 110, 111, 112. The figures are approxi 
mate, but indicate the magnitude of this advantage. 
The power supply device 100 further comprises an input 

rectifier 107 that is connected to the power input 102 and 
comprises a positive output line 108 and a negative output 
line 109. The input rectifier 107 further comprises a first set 
114a of rectifying diodes connected between, on one hand, 
the alternating current power ports 110, 111, 112 and the 
neutral port 113, and, on the other hand, the positive output 
line 108. The input rectifier 107 also comprises a second set 
114b of rectifying diodes connected between, on one hand, 
the alternating current power ports 110, 111, 112 and the 
neutral port 113, and, on the other hand, the negative output 
line 109. A smoothing capacitor 144 is connected between 
the output lines 108, 109. 
As shown in FIG. 13, the neutral port 113 is connected to 

a first rectifying diode 149 which is connected to the positive 
output line 108, and to a second rectifying diode 150 which 
is connected to the negative output line 109. The first 
rectifying diode 149 is comprised in the first set 114a of 
rectifying diodes and the second rectifying diode 150 is 
comprised in the second set 114b of rectifying diodes. 

According to another aspect of the present invention, also 
with reference to FIG. 14, the power supply device 100 
comprises a converter assembly 133 which in turn comprises 
a first converter unit 115 and a second converter unit 116. 
Each converter unit 115, 116 comprises a respective first 
inductance 117 and second inductance 118 connected in 
series between an input rectifier output line 108, 109 and a 
respective first rectifying device 119 and second rectifying 
device 120. Each converter unit 115, 116 also comprises a 
respective first controllable switch device 121 and second 
controllable switch device 122 and also a respective first 
capacitance 123 and second capacitance 124. The control 
lable switch devices 121, 122 and the capacitances 123, 124 
are connected in parallel over the respective rectifying 
device 119, 120. 
The converter units 115, 116 are connected to each other 

such that the parallel connections of the respective control 
lable switch devices 121, 122 and capacitances 123, 124 are 
connected in series, the Voltage over the capacitances 123, 
124 constituting an output DC bus Voltage V. Each 
controllable switch device 121, 122 is arranged to control 
charge and discharge of electrical energy to and from its 
corresponding inductance 117, 118 such that the output DC 
bus Voltage V, is maintained at a desired level. 

In this example, the rectifying devices 119, 120 are in the 
form of diodes, and the controllable switch devices 121, 122 
are in the form of transistors. In order to control the 
Switching properties of each transistor 121, 122, each tran 
sistor 121, 122 comprises a corresponding control port 141, 
142 that is connected to the control unit 134. 

In this example, the power supply device 100 thus com 
prises a converter assembly 133 which in turn comprises a 
first converter unit 115 and a second converter unit 116, 
where the first converter unit 115 and a second converter unit 
116 are mutually mirrored in an imaginary symmetry line 
143 indicated in FIG. 14. 
The use of a converter assembly 133 is advantageous 

since it enables different power inputs, even a single phase 
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power Source may be used by means of a hardware adapter. 
For example, in Japan a common Supplied Voltage is 3x180 
VAC and in Europea common supplied voltage is 3x400 V 
AC or 1x230 V AC. Input frequencies may also vary, in 
Europe it is 50 Hz and in the United States it is 60 Hz. The 
use of a converter assembly 133 is also advantageous since 
it enables a more even current consumption. 
The mirror coupling of two converter units 115, 116 

within the converter assembly 133 is advantageous since it 
enables the use of components with lower power ratings, for 
example the capacitances 123, 124. Components with lower 
power ratings are more efficient and less expensive. Fur 
thermore, the mirror coupling also provides an automatic 
balance of the output DC bus Voltage V, over the 
capacitances 123, 124. 

According to another example, with reference to FIG. 15, 
an alternative converter assembly 133 further comprises a 
first parallel converter unit 125 and a second parallel con 
verter unit 126. Each parallel converter unit 125, 126 
comprises a respective first parallel inductance 127 and 
second parallel inductance 128 connected in series with a 
respective first parallel rectifying device 129 and second 
parallel rectifying device 130. Each parallel converter unit 
125, 126 also comprises a respective first parallel control 
lable switch device 131 and second parallel controllable 
switch device 132. The first parallel controllable switch 
device 131 is connected between said first parallel induc 
tance 127 and said first parallel rectifying device 129, and 
the second parallel controllable switch device 132 is con 
nected between said second parallel inductance 128 and said 
second parallel rectifying device 130. 
The first parallel converter unit 125 is connected in 

parallel with the first converter unit 115, and the second 
parallel converter unit 126 is connected in parallel with the 
first converter unit 116 such that the rectifying devices 119, 
129 and the controllable switch devices 121, 131 of the first 
converter unit 115 and the first parallel converter unit 125 
are connected over the capacitance 123 of the first converter 
unit 115. In the same way, the rectifying devices 120, 130 
and the controllable switch devices 122, 132 of the second 
converter unit 116 and the second parallel converter unit 126 
are connected over the capacitance 124 of the second 
converter unit 116. 

In this example, the rectifying devices 119, 120; 129, 130 
are in the form of diodes, and the controllable switch devices 
121, 122; 131, 132 are in the form of transistors. In order to 
control the switching properties of each transistor 121, 122; 
131, 132, each transistor 121, 122; 131, 132 comprises a 
corresponding control port 141, 142; 145, 146 that is con 
nected to the control unit 134. 

In this example, the power supply device 100 thus com 
prises an alternative converter assembly 133' which in turn 
comprises the first converter unit 115, the first parallel 
converter unit 125, the second converter unit 116 and the 
second parallel converter unit 126. The first converter unit 
115 and the first parallel converter unit 125 are essentially 
connected in parallel, and the second converter unit 116 and 
the second parallel converter unit 126 are essentially con 
nected in parallel. The first converter units 115, 125 and the 
second converter units 116, 126 are mutually mirrored in an 
imaginary symmetry line 143' indicated in FIG. 15. 
A reason for having four converter units 115, 116; 125, 

126 connected according to the above is that this enables a 
better handling of possible relative large currents where the 
input voltage may be relative low. 

For all examples above, the power supply device 100 
comprises an output power converter 135, arranged to 
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convert the output DC bus Voltage V, to an AC voltage 
V, suitable for the electric motor 136, the AC voltage 
having a frequency f. that corresponds to the desired 
rotational speed of the electrically powered tool 106. The 
output power converter 135 is for example in the form of an 
insulated gate bipolar transistor, IGBT, converter, which is 
previously known. It is also known that instead of using 
IGBT transistors the converter can use metal over semicon 
ductor field effect transistors, MOSFETs. As an example, the 
output AC voltage V may comprise three alternating 
current phases with an output voltage of 690 V peak to peak. 
The output power converter 135 may furthermore be 
arranged to provide a soft start by means of a controlled 
increase of the output frequency f. to the presently desired 
value. 

Furthermore, the power supply device 100 comprises a 
braking resistor assembly 137 that is arranged to be engaged 
in dependence of the output DC bus Voltage V. More 
in detail, according to an example illustrating the function of 
the braking resistor assembly 137, the output is normally 
750 V DC. 

1. The converter assembly 133; 133' is disengaged if 
V, exceeds 780 V DC. 

2. the braking resistor assembly 137 is engaged when 
V, exceeds 800V DC, and 

3. the motor brake is disengaged when V, exceeds 
820 V DC. 

The above also works in the reverse order if the output DC 
bus Voltage V, starts to fall. 

In the general case the converter assembly (133; 133') is 
disengaged at a first threshold value for the DC bus voltage 
(V), and the braking resistor assembly 37 is engaged at 
a second threshold value for the DC bus Voltage V. In 
the example above, the second threshold value exceeds the 
first threshold value. 

It is possible that the converter assembly 133; 133' is 
disengaged and the braking resistor assembly 137 is engaged 
at the same value of the DC bus Voltage V, i.e. that the 
second threshold value is equal to the first threshold value. 

Generally, the power input for generating the DC bus 
Voltage (V) is arranged to be decreased or disengaged 
in dependence of the output DC bus Voltage (V). 

With reference to FIG. 16, an alternative configuration for 
the power supply device 100' and the electrically powered 
tool 106" is shown. Here, the power supply device 100' 
comprises a tool interface 103" which is arranged to supply 
a DC bus Voltage (V) to a brushless direct current 
(BLDC) motor 151. The BLDC motor 151 comprises an 
electric motor 136 and an output power converter 135 
according to the above. As in the previous case, the output 
power converter 135 is arranged to convert the DC bus 
Voltage V, to an AC Voltage V, Suitable for the 
electric motor 136, the AC voltage having a frequency (f) 
that corresponds to the desired rotational speed of the BLDC 
motor (51). Thus, in this case, the tool 106" also comprises 
the output power converter 135, where the output power 
converter 135 and the electric motor 136 together form the 
BLDC motor 151. 

In this case, the power supply device 100' comprises a DC 
power output 148 arranged for outputting the DC bus 
voltage V, to the tool 106", and the output power 
converter 135 has a power output 105" arranged for output 
ting the alternating voltage V, with the controllable fre 
quency f. to the motor 136'. Here, the output power 
converter 135 is shown connected to the tool control unit 
140, and it is conceivable that the tool control unit 140 either 
by itself, or together with the control unit 134 in the power 
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supply device 100', controls the output power converter 135. 
It is also possible that only the control unit 134 in the power 
supply device 100' controls the output power converter 135. 
The present invention is not limited to the above, but may 

vary freely within the scope of the appended claims. For 
example, instead of using an input rectifier 107 as described 
above, any suitable DC input may be used, such as for 
example a battery. 

Furthermore, the power input 102 may be arranged for 
receiving an input voltage from an engine-driven generator, 
where the generator is of the same type as the electric motor 
136. The electric motor 136 is for example in the form of a 
brushless direct current, BLDC, motor, which may be of a 
synchronous type. 
The control unit 134 may be arranged to detect if the 

neutral connection is present at the power input 102, the 
control unit 134 further being arranged to control the output 
Voltage in dependence of the presence of said neutral 
connection. For example, if there is no neutral connection, 
the output power may be reduced. 

The control unit may further be arranged to detect if 
electrical power is present at the alternating current power 
ports 110, 111, 112, the control unit 134 further being 
arranged to control the output voltage in dependence of the 
loss of said phase connection. For example, if there are 
alternating current power ports lacking electrical power, the 
output power may be reduced. 

For a three phase system, the Voltages at the alternating 
current power ports 110, 111, 112 have a phase difference of 
120 degrees, which makes the rectified incoming Voltage 
Smooth and steady. If one or two phases are missing at the 
alternating current power ports 110, 111, 112, the rectified 
Voltage pulses and the instantaneous amount of power that 
is possible to acquire from mains outlet varies with the 
incoming Voltage period. The amount of power that is 
possible to utilize depends on the phase difference between 
the incoming lines. 
A three phase power cord typically consists of five wires: 

a protective ground port, the neutral port 113 and the three 
alternating current power ports 110, 111, 112. However, in 
some installations, the neutral port 113 and one of the 
alternating current power ports 110, 111, 112 can be mixed 
up. There are also systems that do not supply a neutral port, 
leaving it floating. Alternatively, one of the alternating 
current power ports 110, 111, 112 can be connected to one 
or two of the other ports, making an apparently valid Voltage 
appear on two or three ports. However, since the phase in 
that case is the same for those ports, it is not possible to 
utilize the provided power to its full extent. Another problem 
is a possible voltage potential difference between the pro 
tective ground port and the neutral port 113, which makes it 
difficult to have a good voltage reference level for the 
Voltage measurements. 

In order to handle the above, the control unit 134 is 
arranged to analyze the connected ports and determine how 
much power that it is possible to acquire. The main analysis 
is performed by means of a Software algorithm that in 
general works like described below. 
The algorithm starts by measuring all incoming phases on 

the alternating current power ports 110, 111, 112 and the 
neutral port 113 relative an internal voltage reference. With 
reference to FIG. 17, showing a schematical illustration of 
the power ports and Voltages available in a three-phase 
system, all possible main Voltages are calculated; the cor 
responding Voltages on the alternating current power ports 
110, 111, 112 are referred to as Vol. V-2 and 
V 12-110. 
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Since it is not known whether the neutral port 113 has 

been exchanged with any of the alternating current power 
ports 110, 111, 112, the main Voltage candidates are Vol. 
V111-12 and V112-11o. V10-113, V111-13 and V112-13. Each 
main Voltage candidate is determined to be qualified by 
having a signal magnitude elevated from the noise and a 
valid period. Then, the largest of these is assumed be a valid 
first main Voltage, or for single phase, the one and only 
phase Voltage. For the remaining Voltages, the phase relation 
to the first main Voltage is determined by analysis in time 
domain. If the considered candidate Voltage has a phase 
relation of +120° relative the first main voltage, it is deter 
mined to be a second main Voltage. 
At the end of the analysis, 1-3 voltages have been 

acquired, each with its own phase. Using that information, 
a judgment about the available power can be made and 
signaled to the tool 106, for example to the tool control unit 
140. 

It is thus possible to use the tool 106 in a controlled 
manner for a lot of different electrical configurations span 
ning numbers of input phases, Voltages and Voltage potential 
relative protective ground. 
The above does not require a three-phase system with a 

neutral connection, but requires in its most uncomplicated 
form a power input 102 comprising at least two ports 110. 
111, 112, 113 between which there is a voltage potential. 
This Voltage potential does not have to be alternating. 

Generally, the control unit 134 is arranged to determine 
the Voltage between each port comprised in the power input 
102, and to select those voltages that exceed a predetermined 
threshold value during a certain time period, the control unit 
134 further being arranged to compare the phase relations of 
the selected Voltages and based on this comparison deter 
mine the amount and composition of available power. 
The control unit 134 is furthermore arranged to commu 

nicate the amount and composition of available power, 
enabling control of the motor in dependence of the amount 
and composition of available power. 
The algorithm may be at least partly implemented in the 

control unit 134 and/or the tool control unit 140. As shown 
in FIG. 18, the power input 102 is shown to comprise an 
input analyzer 157 that is connected to the control unit 134. 
Other arrangements are of course conceivable. 

With reference to FIG. 19 showing a flowchart, the above 
is performed by means of a general method for providing an 
estimate of available power to an electrically powered tool 
106, the method comprising the steps: 

152: measuring all Voltages between all ports at a power 
input 102 with at least two ports 110.111, 112, 113 between 
which there is a Voltage potential; 

153: determining all possible voltages between said ports 
110,111, 112, 113: 

154: selecting those voltages that exceed a predetermined 
threshold value during a certain time period; 

155: comparing the phase relations of the selected volt 
ages and based on this comparison determine the amount 
and composition of available power; and 

156: communicating the amount and composition of 
available power to the electrically powered tool 106. 
As mentioned above, said Voltage potential between ports 

110.111, 112, 113 does not have to be alternating, but may 
of course be alternating. 
The control unit 134 may further be arranged to detect if 

the tool 106 is connected to the tool interface 103, and if that 
is the case, to indicate at a display 147, comprised in the 
power supply device 100, what type of electrically powered 
tool 106 that is connected to the tool interface 103. At the 
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display 147 there may be user control buttons (not shown), 
which for example may be used for choosing different 
functions. Other messages, such as for example present 
power Supply and error messages, may be indicated in the 
display 147. 
As shown in FIG. 12, it has been assumed that the power 

supply device 100 is separate and easily detachable from the 
tool 106, but it is also conceivable that the power supply 
device 100, or at least some of its parts, instead are inte 
grated into the tool 106, for example as shown with refer 
ence to FIG. 16. Other alternatives are of course conceiv 
able, even the case where all parts of the power supply 
device 100 are integrated into the tool 106. 

Furthermore, the power supply device 100 may comprise 
a residual current device 50 arranged to break the circuit in 
the case of a current imbalance in a previously known 
manner. The residual current device may be comprised in the 
power input 102, or may be constituted by a separate device 
50, as shown in FIG. 1. 

All figures disclosed are to be regarded as examples only, 
for example the Voltages disclosed may of course vary in 
order to be of a suitable magnitude. 
The electric motor 136 may be an asynchronous motor as 

well as a synchronous motor. 
The converter assembly 133; 133", either in its entirety or 

at least partly, is commonly known as a power booster or a 
Voltage booster. 
When it is indicated that the neutral port 113 is connected 

to a Voltage that in normal conditions is the average of the 
voltages of said alternating current power ports 110, 111, 
112, this is not to be interpreted as a mathematically exact 
average, but as an average within what is practical in this 
context. It may be regarded as essentially being the average 
of the voltages of said alternating current power ports 110. 
111, 112. 
The invention claimed is: 
1. An electric power saw comprising: 
a rotatable saw structure 
a rear handle with a switch control 
a front handle 
a drive unit for rotating the saw structure, the drive unit 

comprising: 
a saw structure drive arrangement to which the saw 

structure is attachable 
a transmission for driving the saw drive arrangement 
an electric motor for driving the transmission 
a Support structure for holding the saw structure drive 

arrangement, the transmission and the electric motor, 
and 

a fluid control unit arranged to regulate and distribute a 
fluid through a plurality of conduits, wherein the front 
handle and the rear handle are directly connected to 
each other to form a handle unit, which is resiliently 
connected to the drive unit, so that vibrations from the 
saw structure and drive unit are reduced in the handle 
unit, and the power saw includes a cooling fluid system 
comprising: 

at least one the cooling path in the motor, having an inlet 
for connecting to a fluid source and an outlet, said 
cooling path running within a side wall of a motor 
housing that is parallel to a rotor axis of the motor, 

wherein the motor housing comprises an inner tubular 
part and an outer tubular part, wherein the cooling path 
is disposed between the inner tubular part and the outer 
tubular part, 

wherein the rear handle further includes a trigger lock 
opposite to the Switch control, the trigger lock activat 
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ing the Switch control when the trigger lock is actuated, 
the trigger lock further opening an inlet valve of the 
fluid control unit when being actuated and returning the 
inlet valve to a closed position when the trigger lock is 
not actuated, and 

wherein the fluid control unit includes a transfer conduit 
which connects to the outlet and includes a fluid valve 
configured to direct fluid from the motor to a tool 
conduit leading to at least one nozzle at the rotatable 
saw structure and/or to a return conduit to discard or 
return a remaining flow to the fluid Source. 

2. An electric power saw according to claim 1, wherein 
the rotatable saw structure is one circular saw blade and the 
saw structure drive arrangement is a saw blade drive shaft. 

3. An electric power saw according to claim 1, wherein 
the rotatable saw structure is formed by two circular saw 
blades at an axial distance from each other and the saw 
structure drive arrangement is a common saw blade drive 
shaft driving both saw blades. 

4. An electric power saw according to claim 1, wherein 
the rotatable saw structure is a ring saw blade and the saw 
Structure drive arrangement is a ring saw aggregate. 

5. An electric power saw according to claim 1, comprising 
an anti-vibration handle system comprising vibration-damp 
ing elements positioned between the handle unit and the 
drive unit. 

6. An electric power saw according to claim 5, wherein 
said anti-vibration handle system comprises at least three 
vibration-damping elements. 

7. An electric power saw according to claim 5, wherein at 
least one of the vibration-damping elements is a resilient 
element. 

8. An electric power saw according to claim 1, wherein 
the electric motor is a high frequency, permanent magnet 
motor having the motor housing Surrounding a stator and a 
rOtOr. 

9. An electric power saw according to claim 1, wherein 
the cooling path runs in the side wall in a circular helix 
around the stator housed in the motor housing. 

10. An electric power saw according to claim 1, wherein 
the fluid control unit includes a tool conduit valve down 
stream the inlet valve that can be gradually adjusted by an 
operator between a fully closed position and a fully opened 
position, said tool conduit valve leading to the tool conduit. 

11. An electric power saw according to claim 1, wherein 
the fluid control unit includes a return conduit valve down 
stream the inlet valve that can be set in at least two modes 
by an operator, an open mode for returning fluid to the return 
conduit and a closed mode for blocking fluid flow to the 
return conduit. 

12. An electric power saw according to claim 1, wherein 
the transmission is a belt transmission. 

13. An electric power saw according to claim 1, wherein 
the cooling path is formed by a groove in the inner tubular 
part. 

14. An electric power saw according to claim 1, wherein 
an outer diameter of the inner tubular part is substantially 
equal to an inner diameter of the outer tubular part, such that 
the inner tubular part is insertable into the second tubular 
part. 

15. An electric power saw comprising: 
a rotatable saw structure 
a rear handle with a switch control a front handle 
a drive unit for rotating the saw structure, the drive unit 

comprising: a saw structure drive arrangement to which 
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the saw structure is attachable a transmission for driv 
ing the saw drive arrangement an electric motor for 
driving the transmission 

a support structure for holding the saw structure drive 
arrangement, the transmission and the electric motor, 
and 

a fluid control unit arranged to regulate and distribute a 
fluid through a plurality of conduits, wherein the power 
saw includes a cooling fluid system comprising: 

a cooling path in the motor, having an inlet for connecting 
to a fluid source and an outlet, said cooling path 
running within a side wall of a motor housing that is 
parallel to a rotor axis of the motor, 

wherein the motor housing comprises an inner tubular 
part and an outer tubular part, wherein the cooling path 
is disposed between the inner tubular part and the outer 
tubular part, 

wherein the rear handle further includes a trigger lock 
opposite to the switch control, the trigger lock activat 
ing the Switch control when the trigger lock is actuated, 
the trigger lock further opening an inlet valve of the 
fluid control unit when being actuated and returning the 
inlet Valve to a closed position when the trigger lock is 
not actuated, and 

wherein the fluid control unit includes a transfer conduit 
which connects to the outlet and includes a fluid valve 
configured to direct fluid from the motor to a tool 
conduit leading to at least one nozzle at the rotatable 
saw structure and/or to a return conduit to discard or 
return a remaining flow to the fluid source. 

16. An electric power saw comprising: 
a rotatable saw structure 
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a rear handle with a switch control 
a front handle 
a drive unit for rotating the saw structure, the drive unit 

comprising: 
a saw structure drive arrangement to which the saw 

structure is attachable 
a transmission for driving the saw drive arrangement 
an electric motor for driving the transmission 
a Support structure for holding the saw structure drive 

arrangement, the transmission and the electric motor, 
and 

a fluid control unit arranged to regulate and distribute a 
fluid through a plurality of conduits, wherein the power 
saw includes a cooling fluid system comprising: 

a cooling path in the motor, having an inlet for connecting 
to a fluid source and an outlet, said cooling path 
running within a side wall of a motor housing, 

wherein the rear handle further includes a trigger lock 
opposite to the Switch control, the trigger lock activat 
ing the Switch control when the trigger lock is actuated, 
the trigger lock further opening an inlet valve of the 
fluid control unit when being actuated and the trigger 
lock returning the inlet valve to a closed position when 
the trigger lock is not actuated, and 

wherein the fluid control unit includes a transfer conduit 
which connects to the outlet and includes a fluid valve 
configured to direct fluid from the motor to a tool 
conduit leading to at least one nozzle at the rotatable 
saw structure and/or to a return conduit to discard or 
return a remaining flow to the fluid source. 
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